Four lots of conjugate were evaluated for optimal dilution and degree of fluorescence produced with reference cultures and bovine and porcine leptospira isolates. One lot that uniformly produced better fluorescence was evaluated for sensitivity and specificity with reference cultures, isolates, culture-positive tissues, and 13 other bacterial species. Further evaluation of the conjugates was done with bovine, porcine, and ovine specimens submitted to a diagnostic laboratory. Leptospires were detected with the fluorescent antibody test (FAT) in 9 of 21 culture-positive bovine kidneys and were detected in diluted cultures when present at concentrations of 10 2 -1O 3 organisms/ml. With the exception of Treponema hyodysenteriae, FAT's of other bacterial cultures produced minimal fluorescence or were negative. Positives were characterized by moderate to brilliant fluorescence of typical cell forms, and most nonspecific fluorescence was eliminated with a flazo-orange counterstain. The results indicated that the FAT utilizing multivalent conjugates could be used successfully as an additional method for diagnosis of leptospira infections.
Direct fluorescent antibody tests (FAT's) for leptospira antigens have been used with varying degrees of success for more than 30 years. Icterohaemorrhagiae infection was demonstrated in human muscle lesions with the FAT in 1953. l7 Positive FAT results have been reported from experimental canicola infections in hamsters 16 and from experimental pomona infections in guinea pigs and cattle. 22 Of 17 naturally infected dogs from which leptospires were subsequently isolated, FAT positives were seen in urine samples from 14 animals. 23 The authors of 1 study detected leptospires with monovalent and polyvalent FAT of kidney tissues and urine, and suggested that the FAT was comparable to cultural methods when used on specimens containing relatively large numbers of leptospires. l Tissues of various domestic and wild animals have been reported to be FAT-positive when tested with canicola, icterohaemorrhagiae, and pomona conjugates. 9, 15 It has been proposed that autolyzed, dehydrated, or mummified fetuses 18 and formalin-fixed tissues 3 can be satisfactory specimens for the FAT. The FAT has been investigated as a serotyping method that would eliminate the time required for growth of isolates and absorption tests. 4, 12 Methods proposed for the elimination of nonspecific staining 5 include the use of monoclonal antibodies, 20 counterstains, ll and ab-sorption of sera. 14 Several FAT methods have been used successfully in the diagnosis of leptospira abortion. 8, 14, 15, 19 The letospira FAT is not commonly used in diagnostic laboratories because a good-quality multivalent conjugate is not readily available. The purpose of this study was to produce and evaluate a conjugate that would detect common leptospira serovars in diagnostic specimens.
Materials and methods
Preparation of antisera. Antisera again tospira serovars (Table 1) were produced st in 6 reference leprabbits as previously described, 21 except that polysorbate-80-bovine albumin medium (P8O-BA) 6 was used rather than Fletcher's medium. After harvesting and filtration of sera, the homologous titers were determined with the microscopic agglutination test (MAT). 2 Conjugates. Four lots of conjugate were prepared from pooled antisera. Lot A contained canicola, grippotyphosa, hardjo, copenhageni, pomona, and tarassovi antisera and was not absorbed. Lots B, C, and D contained the serovars listed above except tarassovi. Lots B and C were absorbed with rabbit liver powder and bovine liver powder, respectively. 14 All antisera used in conjugates had MAT titers ≥ 1:25,600. Lot D antisera had titers ≥ 1:51,200. Antisera were labeled with fluorescein isothiocyanate (FITC) essentially as previously described. lo Fluorescein to protein ratios were not determined. Conjugates were stored in 1-ml aliquots at -20 C prior to use. was graded on a scale of 1+ to 4+ as previously described. l3
Totals 9 12 The greatest dilution that produced 3+ or 4+ fluorescence of leptospires with a minimum of nonspecific fluorescence * Serial 10-fold dilutions of tissues in 1% BSA: 1 = 1:100, 2 = was taken as the optimal dilution. l:l,000, 3 = 1:10,000.
Seven-day-old liquid cultures of serovars canicola, grippotyphosa, hardjo, copenhageni, and pomona were adjusted to 6-8 x l0 8 Tissue specimens. Bovine kidney tissues obtained from a slaughterhouse were homogenized a with 9 volumes of 1% BSA, and 3 serial lo-fold dilutions of homogenates were made in 1% BSA. From each dilution, 0.5 ml was inoculated into P80-BA semisolid medium. Homogenates of 21 culturepositive tissues were tested with Lot D conjugate. Culturenegative tissues were included as controls. Tissues were considered positive only if fluorescent cells with typical leptospira morphology were observed.
Tissues from 1,872 submissions submitted to the Animal Disease Research and Diagnostic Laboratory at South Dakota State University in Brookings, South Dakota, involving abortions, agalactia, and dead animals were examined by FAT with one or more of the conjugate lots. Maternal serum samples, when available, were tested for leptospira antibodies as previously described. 2 In addition, porcine fetal thoracic fluids were examined with an indirect fluorescent antibody test for the presence of parvovirus antibodies. The submissions were 1,112 bovine, 403 porcine, and 357 ovine cases in which leptospirosis was considered in the differential diagnoses.
FAT procedure. Acetone-resistant, printed glass slides with eight 8-mm circles b were cleaned with acetone, and l0-20 µ1 of tissue homogenates or cultures was applied. After drying at 37 C, slides were flamed lightly, fixed in acetone for 10 min, and allowed to dry. Slides were covered with conjugate diluted in phosphate-buffered saline (PBS) (pH 7.6) and were held in a moist chamber at 37 C for 45 min. Following a brief rinse in distilled water, slides were placed in PBS for 45 min and rinsed in distilled water for 3 min. When counterstains were used, flazo-orange (150 or 1: 100) or eriochrome black (1:600 or 1:800) was applied for 20-30 set followed by a brief rinse with distilled water. Coverslips were applied over a drop of mounting fluid, and slides were examined under a fluorescence microscope with an incident light source, 100-watt mercury bulb, BH2-BJBO blue filter set, and 20EY-455-W23 barrier filter at magnifications of 250, 500, and 750.
Results
Optimal dilutions were 1:20 for Lots A and B, 1:10 for Lot C, and 1:40 for Lot D. Lots A, B, C, and D produced 2+ to 4+ fluorescence with 14 reference serovars, 6 bovine and porcine isolates, and leptospires in hamster kidney tissues. Lot D uniformly produced 4+ fluorescence with these specimens. The results indicated a significant difference between Lot D and the other 3 lots (P < 0.05), which were subsequently eliminated from the study.
With Lot D conjugate, leptospires were detected in 9 (43%) of 21 culture-positive bovine kidneys ( Table  2 ). Some hardjo-infected tissues had less than 1 leptospire per field at 250 x. Generally, pomona-and grippotyphosa-infected tissues had 20-50 leptospires per field. The majority of positives exhibited bright (3+ to 4+) fluorescence of typical cell forms. Hooks were observed on many organisms when examined at 250 x and 500 X, and at 750 x coils were frequently seen. Some short, brightly fluorescing forms were observed in tissues containing recognizable leptospires. Both eriochrome black and flazo-orange counterstains eliminated much of the nonspecific fluorescence observed in control slides. However, the intensity of the counterstain was more easily controlled when flazoorange was used at a 1:100 dilution for 30 sec. The number of viable leptospires in the culture-positive A comparison of results from culture and FAT of serial lo-fold dilutions of 5 leptospira cultures indicated that the culture method was more sensitive ( Table 3 ). All 5 serovars grew in cultures of the eighth dilutions. The FAT were positive for canicola, grippotyphosa, copenhageni, and pomona in the sixth dilutions and positive for hardjo in the fifth dilution.
Leptospires were detectable if they were present at concentrations of ³ 10 2 organisms/ml (l-l0 organisms/ 10-µ1 sample).
Of 13 bacterial cultures tested, only Treponema hyodysenteriae fluoresced to the same degree as the leptospires. Actinobacillus suis, Actinomyces pyogenes, and Staphylococcus aureus showed 1 + fluorescence. Escherichia coli, Salmonella typhimurium, and Streptococcus equisimilis also showed 1+ or 2+ fluorescence, but had orange cell centers when slides were counterstained with flazo-orange. Other bacterial cultures tested were negative. Distinctions between leptospires and other bacteria could be made on the basis of the degree of fluorescence and/or morphology.
Of 1,872 diagnostic submissions examined by FAT in a field test of the 4 conjugates, 22 were positive. The MAT and culture data were not available for comparison in all cases. Of 8 FAT-positive porcine cases, leptospires were isolated from 2, and significant MAT titers were found in sera from 3 cases. In 1 case, parvovirus antibodies were found in addition to the positive leptospira FAT. Tissues from 11 abortions, 2 dead calves, and 1 case of agalactia in cattle were found positive with the FAT. Leptospires were isolated from one of the abortion cases and MAT titers were demonstrated in 6 cases. Actinomyces sp. and Listeria sp.
were isolated in 2 cases in addition to the positive leptospira FAT. No FAT-positives were found in 357 ovine cases examined.
Discussion
Some nonspecific fluorescence was observed with most dilutions of the 4 lots of conjugate, and was a greater problem with hamster kidney tissues than with bovine or porcine tissues. Absorption of Lot C conjugate with bovine liver powder significantly decreased the degree of fluorescence. However, no attempt was made to evaluate the effect of time on the effectiveness of absorption for the removal of nonspecific fluorescence.
The addition of tarassovi antiserum to the 5 more common antisera in Lot A did not appear to increase the number of serovars that fluoresced, but appeared to decrease the degree of fluorescence of most serovars tested. This was probably due to further dilution of the other antisera in the conjugate.
The short, brightly fluorescing forms observed in tissues containing recognizable leptospires were believed to be leptospires with unusual morphology, described as short cells containing many inclusion bodies due to their particular physiological environment. ' In the field test, leptospires were the apparent etiologic agents in 7 of 8 porcine cases and 12 of 14 bovine cases in which leptospira FAT-positives were observed. The possibility of dual infections occurring in 1 porcine fetus that was positive for parvovirus antibodies and in 2 bovine cases from which Actinomyces sp. and Listeria sp. were isolated was not ruled out.
The results of this study indicate that the FAT with a multivalent conjugate can be used as an additional test for diagnosis of leptospira infection. Although the FAT did not appear to be as sensitive as culture techniques in this study, it offers some advantages over serologic and cultural methods of diagnosis. Interpretation of MAT titers is difficult, and in some confirmed cases of leptospira infection, titers have not been detected. 8 Demonstration of leptospires with the FAT provides definitive evidence of infection. The FAT can be completed within a few hours, whereas culture techniques require 6-8 weeks. The FAT may be useful in abortion cases in which leptospires are weak or nonviable. The FAT may be useful as a screening test for specimens in laboratories that do not want to invest the time and expense of culturing large numbers of specimens.
